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I 

Mt&gn m i ©*«£©#«s¥»#£«©*cb 

M p©£fflffi# &m£©fiSTMP«rt^©tf;fc*¥:£ 
6 ©»-©*iBS#i»#Bit*il8ft*#IMRf4irE»- 

-*j=w»-©#i!6a i i i «fl«©*is*«fc^E*)eft 
¥ «WK<D*iirt3MRtti3*j83 n&m=©ia»R** 

[■Men 2] »#me«©i|M*ttKRfcfc^T, w 
em-*5±^^_©^^s¥W#is*±^WBe¥i(eft¥ 

OR** 3] ft*^E«<!>¥Wfl:&Blc*»T. tt 

MWW4] SI*«lBQ«©*^fiSiC*5HT, It 
EfB-©*«ffi¥**R©SiBfcS«^«^U-!J-f H 

HMtiH 5 ] mi 3f«a©#»ft¥W«:)i©*JBfcSB 
l©IMM8**rtT*lSfc. 1513m l ©JBMUiCS 

■«Ifii. ii&Kmi©*ilSa¥»#R©&ffi;fc«i:tflJ8 

sm i ©n □ ««b±c» 2 ©ie*is£jfwr 

5Igi, fWS2m 2 ©*^K*J;tmEm 1 ©#*®a¥ 
f £ £ £ te J: D MEJB 1 ©H P J: D fc*#ftf8 2 ©W P 

£i»emi©»iftKfc^fi£-r5xgi:, ttrf3m2©pip 
a¥S#«£j&s^* t^ici&iam 1 ©#*sa*£# 

KfflBtt LfcTMjfc 8 ff 2 SJJSl!©^ 2 ©#**&¥$<* 

ks^slt -ne 2 ^©&£8te&f sie*:. m 2 © 

*S»«£«fEJMSS*3«*:Bt©liB©WI»*JB3©lfta 
©«ig#j£. 
[000 1] 

[«St±©#Jffi#IF] «MH. ^SlttgfgRtf*©® 
[0 0 0 2] 



(2) &BW4-3 3 0 73 0 

K£*4«ft*l»W«/hS < ft? T«jtfa*& < a*. 
[0 0 0 3] »^-X©^JS#&£LT^:*>ftAi£ 

ttlMWaa. 

[0004] ftfc-f*>ttAttT», aA$nfc^^-> 

fci5 >>'J a >*H4K? ©*tt:3* o -> U => >tH&<o& 

n**i<r«&5?**»4©T. *»TjWRrft7=-jn 

10 8*f?ft 5 £©7x-;H6«, -f*>& 

[0 0 0 5] »V>^-Xft»*r*S«£lxT 
fti&X JWm £ffl tJfc A-f *- 5 h 5 >S?X 
^*5«|gsnW5CSymp. on VLSI Tec 
hnol. (1 9 8 9) PP 9 1 -PP9 2) . Z<Dfi 

£sSST?*5*5. -?-©«K»)«-t^#X3y^©fc»©SB 
It1"507^-XB, X5y^HP©ffiB**SS©» 

* * SteBBIiW* * < ft o T L * 
S^^TX-Y 77^^*©lflU:»clWM«*7&. 
[000 63 

[38W*t»ftL±p£1-5SIH] £©«k3fc. ^fiTfB 
TTB, S££ ! btC-5-© I FffiW^X'b/h 
50 S<-rSC£*tT€ft*>-o&. 

[0 0 0 7] Lfcrtt-sT, #5691© BWtt. .fcOJSitS 

*tBrtg£fto&A'f #-7 h?>?;i?**r«*NMic 

««*±^*©JSJt*tt*«K1--5C£fc»5. 
[0 0 0 8] #fe9J©te©M&%£, ^-^«W<*"3* 

^©S8ii*S$:««-rs £ £ic*-5. 
[0 00 93 

ft»©*R3 *£9i©¥»*gBli. 
fg 1 ©3l«S!©*ISF B ¥a[»S«©*iSifcl8lj- e,n&m 

n> *io£©*iiga#*#«ttSg-©BBP©^fflBBa»6 

b, C©*0ffiU©jSffl*6T*^»2©»«S©»3 

©#J8a¥*«:i»*»K»t5n. t&m-©HPrt©*iig 
a^«frstssii±itttS8 2 ©«*s©ss-©^**m 
»a««»R»t&n. ^nE.©m=©^*fiS¥*#Ktm 

Em-©*JSS¥*«:!]!!©^ffifcm-©lfi)igB?R(lffiiP 

50 mm\zm=<otmmtfMfc-£ti. gtiEm-©*i!ea* 
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(3 

3 

m#&%w\z mtitunzm- ©a □ vsks t 

[0 0 10] S&*K891<D¥»ft«ft083&$H:. 

-©#teii¥£M&©£ffifcig-©ifij&K*^£r*i 

xmt, £©£U©fflPfflUDfflBl;:*6»Bl*B#Wl:fl2 w 

j&bjrsssi ®mnw<z>]g.wfrz>*M *xy*>{fhm 

■5ffiPLfc»2©ffiaa5$^js5rsiat, c:©ai2© 
RingB*rc3i i ©*«s©#te-a*«#:««©affi^ei 
* 2 ©fc«ffi©«ieaiNM«s?*j£ft-r* t pracju- 

©#*gft¥##B©Bffi LfcTBSA* £SS 2 ©W«3!©3S 

-©#»fi***«*«fii/T^n& 2^©R£jfiBrr 

£E0>tftftK£4fflK£BU SBX©*I3& 
¥^Rw«]®&^5iSi, BHOttBRSx-/^ it? 
/W^LTJB 1 ©PnB5©ffietWg2S=©^<6a¥S9 
#R©WKCS§H©»BB£8T£Hliffcif^E©ift 
iSRTE^nfcm 3 ©M Pffl5©J£^r#i(ga#«<$:RS 

[0011] 

mart's. 

[0012] SI te*5E9J©$g 1 t&mt7fi-?>U #- 
7h7>^X^©«RHHt?*5. */W^-7h5>^ 
X*ttW#-?*«ISHW»B 1 -CMOS ICO- 50 

5Q • c mOPpRgy ij a 1 {I t*&^M«I 

$3*1. fUfCSX l 0" cm- J ©^ltft. feitfl. 
0 u m©ff STN^teSxt^+i'-WHi 3*qgj*S 

i \zmtzm\&A\z^TmL<oummzfti&i* 
*vo»*. HBTii. ffl^®«2i;»*;-r*ft««3© 

fcR4JCJ:oT20©ffl5»C^«3n, 40 

n^BBttTfiuau mavw 

ISO ttibfc* 5 tL-T-?-©8t©U >lt1RfCJ:oTSiSS 
ft4hTt>6. < LT-> >J 3 1 0 0jJt«/£3ft 
£©£#1 0 0±Ji->'j3>sg^K7t?fifcti* 
0, EK7 lcte3k : ?*®*3©-&&BfflL'S-;*iS 
5£©fc©©BlP 1 0 1 kSUPfWLQthVm&S &8ffl 
T5BP 1 0 2 fc#7&£SnTV>5. J"J3>gfl;R7 

©Ttc»v>->1) roKfliKSISltT^iVi. vU3>g 
ftffi? 7 ±lt« P *!©££&-> U 3 >B 9 *i3iR»CJBj5£ 
£tlT*D. W@9ttiiPl 0 l©Xy5?^68IPrtK 50 



1 4$IS¥4 - 3 3 0 7 3 0 

e> 3 1/ ? 3 t-[6jo r ps©£iies-> u 3 >s 6 *» 

^<$3n. 3l^*aitt3©B£fJUfc&#l:«* 
9t W \zft-? tx tr* * * ;njJ3 ic«fc z> -> u 3 y 

1.->'J3>H9 t^-X«*8«SIC»«l,TV^. 5B 
OBI 0 l«UCliNS*<Sfi->U3>JBl ljW8fiE$ 

*-u 3^^^j&oaiL<s«5is«UTVii. 

KibRl 3*«tc;i 4lC«fc-3T. xs-^a^ffls*^ 
T<-X««8:fe.fct/£teir>U3>B6. 9 
TV>*. ^-Xffl«8©Baiffi»lC«^S>'U3>|c 
i-5NMX5 5/^a«l 0*»»*anTl><S. -f-L/T. 
T^XS^AJcfcSXSy^Bffil 2- 1, ^-XBff 
12-2, 3l/i7^e*l 2-3*tx5<y^««l 0, 

#*ss->'j3>s6, 1 1 n-tn^nssMUT^an 
[0013] frfrzmm\z±n\i. ^-x««8«xbf 

»<*hT» S^lCX5>y^*«l 0»SaS 
JB/ST £ -5 ffltr^-Xlft 8 ©¥ffitt-!M' 

*ia«ailS. H2~01 OS^T-SiBIl fciiL/i: 
h5>^X*©fijgX8»fB0^SnTV»5. 
[0 0 14] 3rfW2£#flg3nfctA. fiPi*10~2 
0Q • cm© (1 0 0) ffi7Mfc©P- ffli/UP^SBl 

±W&mt<$36 0 0 0*>^Xhn-ASft;UCl©»ft; 

h*/t^-X>ifU r©7*h^^Xf*TX^JCS 
I O. )KS:HF^Xy^>^jSCJ;oTaiRKllCXy? 
>^L7*hV^Zh©J8^««©S 10» KftNStb 

[0015] Xn:mT<D'(*>&\\z£iT%>$i?zir 
O! y^-x>^*^$nfcp- hsjs«S5 0 0* 

bTtaiE©«J6 0 0 0*>^X Kn-A©S i 0» B*» 

®&$n?tm*sioMzm$mizn* m&mt*2tma.-t 

•5. -f^->aA^#©-Wi:LTtt7 OkeV, 5E1 
5cm- J T?»?5aXS©3aS&aiLTttl 10 0t3^ 
WS«b>f ^>ttXB$©y^-vK*XlX. n^^g 

©t*Sr#tf^R*>€,|»fflatCi-3Tit1»LTt>I^B 

©n* saa)B&}e*ST#.5L.. watLTny^ 

[0 0 16] ^tC*T»«ffltLT^-r2.S«Bft;B 
4©Tffi©p- ->U3>g«#R(EJI£jgfiSLfcl.>8|;; 
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5 

b P-ARm 'J vifyyj -iskit, J5?afl-Si« 

TttllOkeV, 1 E 1 4 cm-'TibOSRSaatLT 
1 0 0 O'CS^ffl&'FT 1 »*fflT**. 
CO 0 1 7] X\Z&W<DtiUt&£HFm<DXy?>?m 
lwJ;-5T^M»aa. n- g->U3>Xtr*+^MWB 
3^fi)cfiS-&«. Wi&tiXt LTttS 1H4 XliS ia 
H» CI. fc#V>jS&i&SI±l 0 0 0"C~1 1 0 CCT 

©«ICLT1 X l 0" cm- ! £tT©i6Sa*OIS*'. 
*t!0. 7 5?D>, *ifi*&i)i««'voa8f«ST 
tf¥151t}m&ifinmrmi x l 0" cnr'©Xb!:5'*-> 

[0 0 18] ^IC«B5C*55 0 0*>^X hO-i»©S 

R£*9 1 0 0 0 b D-AiMte-ti-*. *#tL 

TU7 0 0~9 0 0'CTSlHi C I* +NH> ©#* 
K&sffl^s. V;?7:7.<-:I:g^;:.i;0^^'-- 
>^?U h tUT. v-U3>Sft 
K£H?'fX^^>^tCj:tjT^*-r-5. ~>>J3>£fl; 
RT©$5 0 0t>^hD-AOS 1 Oj R©*ffil 

0 o~ 2 0 o*>>fxba-&m8ttfm&i<tiz>&&-z 

**££&<^U3>gfcR*5S±fcl8!3r?#S. ■?-© 
7*b UV7> l-£ISfc£t-5. 5t<C/^-rX>^Ufc->U 

ttl 0 0 0'CX? i -A'p4l$|8]Tft8 0 0 0*>ifZb 
□-i*©RlfcR)W§a£an*. 

[0 0 19] ^CYX^Wtttffl^&^Un^^R 
£»6 0<C©l)>RH. PO4 +ici^mott5ctt 

[0 0 2 0] *ICffOf^U3>^-fc)R7»l 1 0 0#> 

fiTf S«#.t©->D 3 >SgfcR©*£ifc©»RlSfcXe 

3>^kR7*M^-r:>^-rs. ^fc^a->'j=i> 

R6««2 0 0 0t>^KD-ALPCVDSCio 
T«ia-r-5. &ttttlKJ6 2 O^TS i Hj C 1 2 tfSft 

[0 0 2 1] £©ifl'J->U:3>£Uyy57w-S.r/# 
u v 'J n > © h 7 -i* x ic<k -3 rn ^ - - > y-r 

[0 0 2 2] &WJtfy7j-\ZZi-yT<-*W&m 

^«s->'j 3 > 6 ±©*k ^ bi>m a-rzmizn?- 

->*f2H> COUvX h*V7.5'IC#n>S2 0 k c 
V, 5 E 1 5 cm-Mt^Ati. -t-LTl^X l-£ 



(4) #B8¥4 -3 3 0 7 3 0 

[0 0 2 3] &.C->»j3>«fl;R5 0 0^>^XhD- 
At->U3>SftRl 0 0 0^>^XhD-ASCVD 

lC<k-3T3l^*««±#.fcS>/U3>l l±©Kft 
R, 3teR©2JBR&HPT*. ^©^ffiTPOCl 
. + 9 0 Ot:2 0^©5RSaiUC±^TC©MPgB©*IC 

>*it£«tsn*©^e.^-€-©Tic*ieu 

•5. -tUT±S2SI»©->'j3>'^ft«->'jn>'KftJS 
jo £*n^n>j>K&imF#x^>^«*fc-&vvtiiis 

£1"*. •€-UT J e©«v'U3>tt'fbl!i2 6SCVDftlt 

tcsio. Rtt^aes^iRji^^ •?xyhxs/^> 

^©B©IyfW-h&il<3t«B«Tl 0 0 0*C© 

[0 0 2 4] 'AiZ. H3©«k3fc, 7*bVi?XM 9 
*->'Jn>R^H2 6©±®ica^rU WitvVJ- 
ICiO, 15 5/^ffl«©*7* h h 1 9 SBiSt 
£. 

20 [0 0 2 5] 04©J;5»C, Z.<J>7 * b\s?*b 
19S7Wtl/T. 7* M^Xh©R|D8&l*30v"J 
3>Kfl;R2 6«S^ttH7-<Xs'5 1 >^TBES-r*. 
s&ccros^ttK^^fxs/^^ysffaK 05©i 
#*SS->>J3>R6£BlP-r*. Z.O)'&VVXb 

1 9 

[0 0 2 6] 0 6©J:5fc, B)tB©^:Efc. L 
PCVD&K:«fc»3->y:3>&ftdBl 3 (SiOi ) Sr* 

>R4fcR 1 3 * C -> D 3 >Rl"bR 2 6 S^fc* 
50 H**-r. £©fcg>> X£y*®«U©B8P8B©#> 
U3>R*bRl 3Xtf»<ftoTV>*. 
[0 0 2 7] &iZ. 07©i^tr. ->'J3>RM13 
©^ffi€S*ttK7-fX^^>^TX-/5 1 >i'-r5. - 

©£*. ^Sv^^te. ^©±fi,&tftitfat->'j 

3 >Kft» 1 3 \Z&%*>tU *LTX$.yfM0Lim<o 
H PST->1) 3 >3MbR 7 *t3:)e©-tftTKm-r-5. 
[0 0 2 8] MZ, 08©i^l:« HD&U&U >R«:ffl 
^fcfx? hXy^>2rsfrfcV», 5"J3>*fcR7 S; 
HP«|5A^^©Tf^cW-f HXy^V^-T-S. £© 
40 n" 5!->U3>©Xt!^+v'Y^S3©±Bli. 

WLft«aifC^-5. d©^$tBb^«*^->U3>Sft 
St 7 ©ffl1®S;T©K«Wu *S2000*>^Xh D-A 

Tat). £©iaB£ttTffi**Btb-f*. 

[0 0 2 9] ^tc, H9<0«J:^IC, frmx¥?*i"r 
^J«fi?£ffJiVJ, PM^tt«J : £^^¥illSS>";3>R 
8 *8ffl Lfcxtf^*->r;KB 3 ©*ffi.C{£S-r-5ira 
I^JC, P^tt«)£^^i!6S->U3>R9S*lga 

50 -><j3>R6©BttiL;fc~twe>j£ft-r3. Jinttit 
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■ 7 

(fc£*.tfl 3 0BHFIC3 0#fH) "PttTSaSK 
fcRSB!* zA-SM B Egfiftlt An-5. 

^icsbptcs 5 o*ci otiwi&mommmzxvTM 

[0 0 3 0] ^K^XV-XMBE (Mo 1 e c u 1 a 
r Beam Epitaxy, »f«imH 

are*-* 

5 6 0 r, S i 2 Ht ©8&SS 7 0 s c c m, JEfcSifo 
2x l o-'To r rT*0, ->'Ja>H*^gj*ft#57 

[0 0 3 1] PS->>;:3>J§*fe£fiStfS;fc#©F-k: 
>^XtLTB»H. fcffl^*. Bs Hb ©SEfitte? 
3©PS!iB« 1 !:;fr-S«fc&«>3. E«D«teLT*1S<"t- 
X2 4©JP£i*96 0 0:*>4rx)-a-A, B«£*53X 
1 0 1 ' cm- 3 ©XfcT^^>'¥;H8£fi£fi'r-5. fc-S^ 

tt^-X 2 4 4:#IHga^'J 3 >n«5^-X 2 5 

8 U 3> 6 iom»M8?J«i:* 1 r3©Xigfc* 

ttTlSW-fT&A-S. fc*. &**«£*te^-;*8©JS 
«56 0 0*>^hD-A-CSO. SteW&ttSS 
^9©fStt5 0 0^->^Xhn-A-pa&5. fc* 
^-X 8 ©/£&»> ftTorr ©JE#Trj£gS1*S L 
PCVDj£^te©XH**->*;Pifefc£*.ttl o-»~i 
0 6 To r r ©BSgf5Tf&g3it£UHV/C VD (u 
Itra High Vacuum/Chemical 
Vapour Depos 1 t Ion) ftftifSffiH 

[0 0 3 2] *lc Bl l©«fc5IC, Bfflm^pffcLP 
CVDjSti*>'U3>»<tR1 4£*ft8lffc, F?-fx 
y^^fcJ^TXy^/ty^-ra. SCX^XA&MB 
E&BICAn. iJI-fiS^-XSR^^'Jn^tiKl 3© 
«£te->'j3>»ft:Ri 4=&a-f. ^v>T8SRi 

3, 1 4T««SnTl-^Vi*H4^-X8±CX5yiS' 
**Sfi->U3>l OfcnS^ttfcSlx 1 0"cm-' 
JSSfil 0 0 0^>;!/XhD-A©*frT*iPbT^S 

[0 0 3 3] ^©xetL-Ttt^-Xtn^^©^ 
SSffi©fc©fc->'j3>K'fcKl 3SH?LU AIRS 
£W\zm%®:> VV?f5y-4-\Z£r)xS.y9, ^-X 

h i ©^^es^§?T€-s. 

[0 0 34] ft**. NPN5!h7>v^ 



(5) *JBB¥4-3307 3 0 

■bttZZLttA-CtZ. *fcS7©«l3gli. E3*>£B15 

7©BBos5©±€rsx-wou. Bgaffl©<iies^n;j?$ 

aTK{kLTt>S?.*lS. £©»#ISDSB©|*|fi©«J# 
tt, E7©BBPffi©««±D->iJn>S^H7lc»LT 

[0 0 3 5] X\Z, *56^©«2 5?16W*H1 2tc* 
-r. *Sli6W©^2e#gB»A. MBE&l;:,k*^-X8 
©J&BISlc:. JSflBMfXtLTS ii H, tGeH< tg 

MBEfflMIJ, 3»m©*ffKan*.TGeH« £S 
1 > H. : GeH, =10:1 (KSJt) ©«J£T?iii0 

*iiefis/U3>yA'V=>>A'&^isi 5«, ni/^^3 

[0036] j: ©«fi tmxtz&mski' U 3 

6©*-;N'-A>^SB»c^fiL, •5-bTiwa©*^^ 

if [0 0 3 7] C©x'j3>y;p-7-'J'A-&^^-XMl 
5©&tt#rtJtf. X5>y^tLTfflV^c->U3>03RW 
IWOfe»<ft5. CCIN^Stt, G e ©*;!/!* Rtf 
VU3>y;kV3"^A^K©SfilCtt#LTVi5. c 

jmw-r*. corm**©**. rrrbr 1 

i £(rJ±T3. *l/TC©JtW#rti©2fc«kD, zil-i; 
* • X3-y^ra©»BEBVcpo fci^-jettfiUicfita 

[0 0 3 8] *5S9I©3I!3RJB«SB1 3©9rffi0*fl3 

vi-dKwr*.- m i asm ®*£A3'U 3 >r 6 am 

*Sll8«TttT lSl! f i 1 ml 7 i^ies^'J 

3>R2 o©2*«iita-3Tir»4. «s©»iSifci;»jg 

Ml^JS^tPICTabS. ^nt«t0TiSi 

a*. »is*ttttv #isav'j3>«i2 o±fcT ik« 

X^«;^Ufc8H»»fflUT±iS©2fl«|jiS»ritt-5. 

T i S h 011 7©S3*SiWl 0 0 0^>^X 
40 hn-A/*iS/i5'U3>K2 0©Jpa«»«9l 5 0 0* 

. It. 2~3 0tSS. d©fitt«»i. Mt|^U3> 
R636t»S*»*92 5 0 Q-tyifT, hn-AT|Sl-EttOi 

[0 0 3 9] 01 4 B, *^M©?B4SIJ6W©*»ffg 
B©»fffiBT«&-5. *AJS«©i»*Ra2a^«i6^;j* 

r*. *^is«©«p^r^«!«s;«. n«i^«i»!(»s*jD3n 
50 fcx5y^ffl*ea->?j3>R2 laotN* is??a 
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(6) 



Jgl 8©$J/£tfSSJ;:i*<fc-3T^T, b^S^X*© 
X'f >>?>^3[ft©igijifti* 1 S€.fcfiiiT*4. ft*.. 
HOitttJBl 8©^Wffr» *tt^-XRl 8©**Gft 

[0 0 4 0] HI 5tHl 6IC*«M©^45S««!l© i » i 
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